Vortex shedding is an oscillating flow that is commonly observed in fluids due to the presence of a blunt body in a flowing medium. Numerical simulations have shown that the phenomenon of vortex shedding could also develop in the magnetohydrodynamic (MHD) domain. The dimensionless Strouhal number, the ratio of the blunt body diameter to the product of the period of vortex shedding and the speed of a flowing medium, is a robust indicator for vortex shedding, and, generally of the order of 0.2 for a wide range of Reynolds number. Using an observation from the Atmospheric Imaging Assembly on board the Solar Dynamics Observatory, we report a wavelike or oscillating plasma flow propagating upward against the Sun's gravitational force. A newly formed shrinking loop in the post-flare region possibly generates the oscillation of the upflow in the wake of the hot and dense loop through vortex shedding. The computed Strouhal number is consistent with the prediction from previous MHD simulations. Our observation suggests the possibility of vortex shedding in the solar corona.
It is well known that the interaction of a steady flow with an obstacle in fluids could generate a sequence of vortices just behind the obstacle. This hydrodynamic phenomenon is known as the von Kármán vortex street or the vortex shedding [1, 2] . The vortices are produced periodically with opposite vorticity from the two sides of the obstacle and are dragged by the flow. The phenomenon of vortex shedding has been widely studied in both science and engineering in hydrodynamic conditions. For example, the waving of a flag in the wind is due to the vortex shedding effect. It is also reported that tall chimneys in the presence of air flow could generate vortex shedding, which can lead to violent oscillation and damaging of the chimney. The behavior of a fluid in the presence of a blunt obstacle can be described by the Reynolds number, R = V L/ν, and the Strouhal number, St = L/(P V ), where V, L, ν, and P are the flow speed, size of the blunt body, kinematic viscosity, and period of the vortex shedding, respectively.
The outer atmosphere of our Sun, the million-degree corona, is highly structured and strongly coupled to the magnetic field. A wide range of dynamical phenomena have been observed in the magnetohydrodynamic (MHD) environment of the corona. One numerical simulation [3] examined the phenomenon of vortex shedding in MHD conditions (called Alfvénic vortex shedding) and showed that periodic shedding of vortices occurs in a fashion similar to hydrodynamic or aerodynamic conditions. It has been suggested that this process may explain the excitation of some oscillations in coronal loops [4] and coronal mass ejections [5] . However, direct observational evidence of vortex shedding in a MHD environment is still missing [6] .
Here, we present possible observational evidence of vortex shedding in the magnetized solar atmosphere. The event was found in the so-called supra-arcade region of a solar flare. Solar flares are one of the most powerful energy release events in the Solar System, usually powered by magnetic reconnection in the solar corona. Supraarcade regions refer to the hot diffuse regions around the current sheets of magnetic reconnection, consisting of plasma with temperatures from a few million to a few tens of million kelvin [7] [8] [9] [10] [11] [12] [13] [14] [15] . They generally extend above the newly formed flare arcades [16] and can last for several hours. Often dark, tadpolelike structures called supra-arcade downflows (SADs) are seen to descend through the bright fans of the supra-arcade regions, leading to fingerlike shapes in the upper part of supraarcade regions [9, 10, [17] [18] [19] [20] [21] [22] [23] [24] [25] . The SADs are possibly regions of low density and high temperature [10, 26, 27] behind contracting flare loops (due to magnetic tension) [20, [28] [29] [30] [31] . They are best seen when the reconnection current sheets are face-on at the solar limb.
The event was observed during a B8.9 flare (classification based on soft X-ray flux measurements with the Geostationary Operational Environmental Satellite) occurring in an active region at the west limb of the Sun on February 25, 2013. The Atmospheric Imaging Assembly (AIA) [32] instrument on board the Solar Dynamics Observatory (SDO) [33] imaged the evolution of this flare with different filters. All the AIA images were processed, coaligned and normalized with the standard aia prep.pro routine available in SolarSoft. The AIA images were taken at a 12 s cadence in each extreme ultraviolet (EUV) filter, with a pixel size of 0.6 . We averaged 5 image frames in each filter to increase the signal-to-noise ratio. Figure 1 ently downward towards the flare arcades. Interestingly, an upward propagating structure with enhanced emission is clearly seen in the 94Å images. This upflow is absent in the other AIA passbands, indicating that the upflowing plasma has a temperature of ∼6 million kelvin. While propagating upward, this hot plasma flow reveals a clear wavelike shape.
We have performed a quantitative analysis of the oscillating upflow and obtained several physical parameters of the flow. A wide slit, marked as S in Figure 2A , was chosen to cover the upflow during its entire lifetime. We averaged the AIA 94Å emission at each position along the slit and obtained a space-time (S-T) diagram, which is presented in Figure 2B . The S-T diagram clearly shows the upward propagation of the flow with time. The propagation speed can be estimated from the slope of the faint slanted ridge in the S-T diagram. First, we enhanced the edge of the slanted ridge using the sobel.pro routine of IDL. Afterwards, we determined the locations of the enhanced edge by finding the local maximum at each time step. We removed very faint edge detections by applying a threshold. The determined edge locations are marked by the red diamonds in Figure 2C . The uncertainty of the determined edge locations is about one pixel. Finally, we performed a linear fitting of the red diamonds. The average upflow speed was estimated from the slope of the fitted line, which turns out to be 19.08±1.89 km s −1 . To obtain the period of the oscillating upflow, we first produced S-T diagrams for several cuts across the upflow at different heights. One cut is shown as the red horizontal line in Figure 2A , and the corresponding S-T diagram is presented in Figure 2D -F. We then determined the central position of the oscillating feature by applying a Gaussian fitting of the intensity profile across the upflow at each time step. The measurement error of AIA intensity is dominated by the Poisson noise [34] , which can be approximated by the square root of the photon number at each pixel. Considering this measurement error, the 1σ fitting error of the determined central position at each time step can be calculated. The central position clearly reveals a periodic oscillating behavior, and a sinusoidal fitting yielded an oscillation period of 12.87±0.33 min. Note that the uncertainties of the flow speed and period determined here represent the 1σ fitting errors.
A close inspection of the image sequences suggests that this upflow is related to the motion of a SAD. Figure  3A and B show that the upward wavelike or oscillating plasma motion (in 94Å images) is preceded by the arrival of a SAD (in 131Å images) at 11:18 UT. To determine the speed of the SAD, we stacked several images with a constant time interval and tracked the downward motion of the faint SAD manually. The red circles in Figure 3B mark the tip of the downward moving SAD. The diameter of the red circles (8 pixels) was taken as the mea- surement error of the SAD location. By performing a linear fitting of the determined SAD locations, the speed of the SAD was estimated to be 24.54±5.84 km/s. We also measured the width of the SAD at a location just above the upflow. In Figure 3E , we show the 131Å intensity across the SAD (along the cut S1 in Figure 3D ). Again the error of the intensity is essentially the Poisson error. A Gaussian fitting of this intensity profile yielded a diameter of 6.90±0.80 Mm (full width at half maximum) for the SAD.
The Strouhal number (St = L/P V ) of this propagating upflow can be computed using the three parameters: size of the blunt body (L), period of the oscillation (P ) and speed of the flow (V ). In our case the shrinking postflare loop possibly acts as the blunt object, and the SAD is likely the wake of the shrinking loop [26] . Considering this, the blunt body size can be reasonably approximated by the width of the SAD. Since the blunt body is moving against an upflow, the speed V should be the relative speed between the upflow and the downward moving SAD. Taking the measured values of these parameters, we obtained a Strouhal number of 0.20 ± 0.06. It is worth noting that here we used the flow velocity projected onto the plane of the sky, which is usually smaller than the full velocity. To evaluate the impact of this effect on the calculated Strouhal number, we examined the coordinate of the active region several days before the flare, when the active region was located on the solar disk. By assuming that the location of the active region did not change too much as it rotated to the limb, we found that the angle between the radial direction at this active region and the line of sight was about 90 deg in our observation. So there is essentially no line-of-sight projection effect if we reasonably assume that the upflow and SAD both move in the radial direction. The projection effect is negligible even if there is a small deviation from the radial direction, since a 10-deg deviation can lead to only ∼1.5% difference of the flow velocity.
Oscillations observed in the solar corona are generally interpreted as signatures of different MHD waves [36] [37] [38] . Slow magnetoacoustic waves often propagate with the speed of sound at a particular temperature. Other MHD waves such as fast kink waves, fast sausage waves and Alfvén waves propagate at a speed of the order of the Alfvén speed. The sound speed, calculated as temperature of 6 MK. The phase speeds of kink waves reported in coronal current sheets and postflare supraarcade loops are in the range of 100-700 km s −1 [39, 40] . The propagation speed of our observed oscillating feature is ∼19 km s −1 , which is 1-2 orders of magnitude lower than the typical sound speed and Alfvén speed in the corona. This difference indicates that the wavelike upflow has a different origin.
A wavelike pattern could also originate from the shearing motion between two fluids due to Kelvin-Helmholtz instability (KHI). Some of the wavelike patterns observed in magnetized fluids, e.g., solar atmosphere [41] [42] [43] [44] [45] [46] [47] , comet tails [48] , planetary atmospheres [49] [50] [51] , and astrophysical jets [52, 53] are interpreted as being caused by the KHI. However, KHI occurs when the velocity difference of two fluids moving in parallel exceeds a critical value, which is of the order of twice the Alfvén speed if the flows are field aligned [54] . Since we do not know the angles between the magnetic fields and fluid velocities, we cannot determine the critical value in our case. Thus, it is unclear whether the KHI can explain the observed oscillation or not.
On the other hand, a Strouhal number of the order of 0.2 is a robust indicator for vortex shedding in rarified plasmas [3] . The Strouhal number calculated from the measured physical parameters in our observation is 0.20 ± 0.06. This Strouhal number is consistent with the prediction from a numerical simulation of Alfvénic vortex shedding [3] , which is generally in the range of 0.15-0.25. Note that this simulation considered the interaction of an initially uniform and steady plasma flow with a cylindrical blunt body in the adiabatic case. The possible slight difference between our measured value and the prediction may be related to the deviation from the ideal situation of the simulation. Our observation thus supports the presence of vortex shedding in the solar corona.
What causes the oscillation in the flow in the reconnection current sheet? Without sufficient resolution and signal-to-noise ratio of the observation, this question cannot be easily answered. However, the AIA observation shows a close relationship between the downward motion of a SAD and the initiation of the upward wavelike motion. Based on our understanding of SADs, we propose the following possible scenario to explain the generation of vortex shedding.Because of the magnetic tension, a newly formed postflare loop shrinks and acts as a blunt object moving downwards through the supra-arcade region. The wake of the shrinking loop exhibits as a SAD [26] . The cross section of the loop generates periodic vortices due to the pressure difference in the wake of the shrinking loop and the surrounding plasma, leading to a wavelike plasma upflow behind the shrinking loop. This scenario might be similar to a wavelike flag in the wind. The fact that the oscillating upflow starts from the head of a SAD in our observation is consistent with this scenario. Though the presence of vortices cannot be unambiguously identified from the diffuse and weak emission of AIA 94Å, vortex motions have indeed been previously reported in similar postflare supra-arcade regions [55, 56] . Additionally, the properties of oscillating flows caused by vortex shedding depend on the Reynolds number, and vortices might not be clearly observed in some cases [35] . We also noticed that nonlinear development of the KHI may lead to vortex shedding in fluids [57] . Future studies are needed to investigate the detailed formation process of vortex shedding in the magnetized and turbulent supra-arcade regions [55] .
Nevertheless, our work suggests that vortex shedding could exist in the magnetized solar atmosphere. Vortex shedding has been widely recognized to be an important physical process. For example, strong flows or winds could more easily destabilize ships or tall chimneys if vortex shedding is involved. Studying the effect of vortex shedding in MHD conditions, i.e., in laboratory plasmas [58, 59] , in the Sun [60] , or some other astrophysical conditions [61, 62] , could also shed new light into some unresolved physical problems. For instance, vortex shedding might explain the origin of some oscillations observed in the solar atmosphere [4] . Such oscillations may lead to destabilization of coronal structures, which may eventually result in solar eruptions. They may also play an important role in the process of energy transport in the solar atmosphere. 
